The objective of this study was to use an integrative approach to assess the ecological status of a small river impacted by multiple sources of disturbance. The River Febros (NW Portugal) is a small and highly impacted non-regulated river; approximately 44% of the watershed area is dedicated to agriculture, but there is also some urbanization. Environmental status was evaluated using a new multi-index approach, combining quality indices for water (Water Quality Index (WQI)), benthic macroinvertebrates (Iberian Biological Monitoring Working Party Index (IBMWP)), and human modification (Riparian Forest Quality Index (QBR)); Ecological Status River Mediterranean Index (ECOSTRIMED); River Habitat Survey (RHS)). Surveys were car- four stretches of the main course of the river for physicochemical characteristics, as well as water microbiology and macroinvertebrates. Water quality was poor at all sites (WQI averaged 30.4%) and decreased downstream. The RHS (assessment of instream habitats and the river corridor) and the QBR quantification displayed the same trend. Macroinvertebrates diversity was permanently low with only the most tolerant insects taxa present; oligochaetes dominated. The ecological status of River Febros was well represented using the experimental assessment system, where a downstream decrease in condition was noticeable (in spite of a lower water quality upstream). Our results emphasize the importance of assessing several components of disturbed ecosystems in order to ascertain overall quality and the importance of promoting improvement of the riparian gallery as a buffer against multiple agents of disturbance.
Introduction
Reliable detection of human impacts on river systems is challenging due to the diversity of biological, chemical, hydrological, and geophysical components that must be assessed (Gergel et al. 2002) . Modifications in land use change comprise one of the most universal anthropogenic influences on global ecosystems (Dale et al. 2000) . Degradation of freshwaters results from the increasing inputs of silt, nutrients, and pollutants resulting from agriculture, forest harvest, urban areas (Carpenter et al. 1998; Maddock 1999; Palmer et al. 2002) , and industry (Azrina et al. 2006; Mokaya et al. 2004; Paul and Meyer 2001) . These impacts reduce both water quality (Sweeting 1994) and biological diversity of aquatic ecosystems (Maddock 1999) .
Lotic ecosystems have lateral (channelriparian zone-floodplain); longitudinal (a lowerorder stream to a higher-order stream, upstream to downstream) and vertical (atmosphericsurface-groundwater interactions) relationships with the surrounding environment. The relative importance of these relationships varies both spatially and temporally (Novotny et al. 2005) . The key components of watershed management focus on identifying and pinpointing factors that impair system integrity followed by the development and implementation of remedial measures (Rogers et al. 2002) .
The evaluation of the ecological impacts on urban streams, which are subject to both chemical and physical degradation, can be very difficult to assess, because the effects of contaminants may be masked by comparable or larger influences such as stream canalization, clearance of riparian vegetation, or other physical stressors (Rogers et al. 2002) . In spite of significant progress made in controlling point sources of water pollution (domestic sewage or industrial effluents, for instance), nonpoint pollution (runoff from agriculture, urban, mining, and livestock areas) is still a recurrent problem in many watersheds (Mainstone and Parr 2002; Williams et al. 1997) . Within the watershed, human activities result in higher surface runoff, the rate of which is influenced by land use, vegetation cover, and landscape mosaic (Geraldes and Boavida 2003) . Increased runoff often results in eutrophication ultimately threatening water quality (Allan et al. 1997; Mokaya et al. 2004) .
Lotic system monitoring methods often compare pristine or near natural sites (i.e., reference conditions) with reaches over a gradient of perturbation. The reference condition approach is inherent to the Water Framework Directive (WFD, EC 2000) , however, we ask how this can be possible when an entire river system is affected by intensive human pressures and reference sites are virtually absent. According to Reynoldson et al. (1997) , some aspects of reference conditions can be established based upon best professional judgment, avoiding the need for comparisons with specific reference sites. However, if no reference sites are available, a common situation in highly urbanized areas or heavily agricultural regions, reference conditions can be selected from across an entire population of sites. This approach was developed, for example by Karr et al. (1986) for the Index of Biotic Integrity (IBI). According to Chovanec et al. (2000) , reference conditions must be theoretically constructed by combining historical data (e.g., old maps or long-term biological records) and models.
The execution of rehabilitation measures on a highly impacted and/or modified watershed is questionable, concerning management purposes. Restoration techniques are often directed towards the reestablishment of natural physical environment, including the riparian gallery (Harper et al. 1999; Naiman and Décamps 1997; Piégay and Landon 1997) . Many authors have demonstrated significant improvements in water quality and aquatic communities (Lazdinis and Angelstam 2005; Thoms and Sheldon 2000; Vought et al. 1995) , achieved following rehabilitation of riparian ecotones (Mander et al. 1995; Robertson and Rowling 2000; Vought et al. 1995) . The management of highly disturbed water bodies compromises numerous factors, including changes in water quality and quantity, hydrology, hydraulics, and habitat. This is especially true for urban watersheds which are subject to the greatest pressures (Baer and Pringle 2000; Brown 2005; Naiman et al. 1995) , as a result of several processes that occur at different spatial scales (Allan et al. 1997) . According to Maddock (1999) , more holistic assessment indices should be created through improved multidisciplinary concepts that address all aspects of the environment simultaneously (Brown 2005) .
There is a need to define monitoring and restoration rules for highly impaired rivers. This study was conducted in a highly disturbed but non-regulated river, River Febros, located in NW Portugal. This study aimed (1) to define an integrative methodology for the ecological characterization of a highly impacted river; (2) to study its temporal and spatial dynamism; and (3) to establish links between the physical habitat, water quality, and aquatic communities, using the benthic fauna as a proxy, through the application of multiple indices. This provides a pilot study for numerous streams along the European Atlantic Coast enabling water and sediment quality characterization, the classification of the riparian zones, and assessment of the riverine biological condition.
Materials and methods

Study area
The River Febros watershed has a south-north orientation and covers an area of 35.4 Km 2 . The river, which crosses slate zones, has a total main course length of 15.3 Km (Fig. 1) . The Febros river runs from Seixezelo (41.03 • N/8.56
• W) to Esteiro (41.12 • N/8.57
• W). The Febros valley has specific characteristics; the left river bank is steeper than the right one (average altitude ≈ 77.2 m, ranging between 0 and 250 m). The compacity index (K c , defined as the ratio of basin perimeter to the circumference of a circle with area equal to that of the basin) is 1.32, the shape factor (K f ) is 0.15, and its draining density (λ) is 1.043 Km Km −2 . The river crosses areas of high populational density along its course (total population ≈ 63,000 habitants), as well as industrial and agricultural areas. Agriculture is the main type of land use within the watershed (44.1%), followed by forestry (35.9%), housing (16.3%), and industry (3.7%). Four sampling stations were established along the main river channel (Fig. 1) , including the river mouth and three other zones earmarked for possible future ecological restoration. The four stations were chosen following a preliminary survey that characterized 12 potential zones within the main course of the river (data not shown). In the two downstream stations, land use was essentially urban/agriculture, whereas upstream land use was dominated by intensive forestation (Table 1) . The percentages of land use in the surrounding area of 1 Km diameter from each sampling station were calculated from 2002 aerial photographs. 
Water quality
Temperature, conductivity, total dissolved solids, dissolved oxygen and saturation, pH and oxyreduction potential were measured in situ with a multiparametric probe (YSI 600 XL). Water samples were collected by immersing glass (for bacteria) and plastic bottles (for the chemical nutrients and chlorophyll a) with the bottle mouth facing against the current to minimize contamination from the operator. Discharge (Q) was calculated by the formula Q = Velocity (V) × Section (A).
Dissolved orthophosphate, nitrite, and ammonium were analyzed following the methods described in Grasshoff et al. (1983) . Nitrate was quantified by an adaptation of the spongy cadmium reduction technique (Jones 1984) , subtracting nitrite value from the total. All analyses were performed in triplicate. Chlorophyll a was assayed spectrophotometrically after extraction with 90% acetone (Parsons et al. 1984 ) with cell homogenization, using the SCOR-UNESCO (1966) trichromatic equation. The chemical oxygen demand (COD) was performed in a thermo-reactor (Merck TR320) and a photometer (SPECTROQUANT 118), and the BOD 5 (Biochemical Oxygen Demand) was assayed using a modified Winkler method (Carpenter 1965; Carritt and Carpenter 1966) . Turbidity values were measured in a photometer (C114, Hanna Instruments). Fecal coliforms (FC) were assayed on mFC agar (Difco 0677-17) following a 24-h incubation at 44.4 ± 0.1
• C and heterotrophic bacteria on nutrient agar (Oxoid CM19) after a 7-day incubation period at room temperature (Bordalo 1993) .
A modified version of the Scottish water quality index (WQI; SDD 1976) was used to assess water quality, adapted to temperate and tropical environments (Bordalo et al. 2001 (Bordalo et al. , 2006 . We used the original SDD version adapted to temperate environments with a reduced number of parameters (nine parameters compared to 10). The used WQI aggregates physical parameters (temperature, conductivity, suspended solids), chemical parameters (pH, ammonium, dissolved oxygen), and organic/microbiological parameters (fecal coliforms, biological oxygen demand, chemical oxygen demand; Bordalo et al. 2006) . We used the weighted arithmetic average to aggregate sub-indices since it is particularly suitable for the indexation of the general water quality (House 1989) . The scaled weighting value attributed to each individual parameter for WQIs calculation is presented in Table 2 . The modified index is obtained from the water quality ratings (q i ) and weight of each individual parameter (w i ), according to Eq. 1 (Bordalo et al. 2006 ). The range of derived values is from 0% (the poorest) to 100% (the highest) water quality (SDD 1976) . For the present study, the House and Ellis (1987) class rating was adopted: 10-25% badly polluted; 26-50% polluted; 51-70% reasonable; 71-90% good; and 91-100% very good.
where, q i water quality ratings w i weight of each individual parameter Sediments were retrieved by hand in the shallow stretches of the river. Unfixed sediments were treated in order to determine the percentage of organic matter, by drying the samples at 105
• C (24 h) and then by loss on ignition at 500
• C (4 h; APHA 1992). Grain size was estimated by sieving the samples and dividing the sediment into seven fractions: silt and clay (<0.063 mm), very fine sand (0.063-0.125 mm), fine sand (0.125-0.250 mm), medium sand (0.250-0.5 mm), coarse sand (0.5-1 mm), very coarse sand (1-2 mm), and gravel (>2 mm). Each fraction was weighed and expressed as a percentage of the total weight.
Biological assessment
A hand net (40 × 20 cm, 500 μm mesh size) was used to collect benthic macroinvertebrates, over a 3-min period using the kick procedure (Cortes et al. 2002) . The volume of sediment captured was fixed, in situ, with formaldehyde and Bengal Rose solution (4%) and placed in a hermetically closed bag. Once in the laboratory, the fixed sediment samples were washed with tap water and sieved (500 μm mesh size), in order to sort, count, and identify macroinvertebrates (Tachet et al. 1994) . Identification to family level was performed using a stereomicroscope (Leica MZ12-5; magnification ×8-100). All macroinvertebrates were preserved in a solution of 70% v/v alcohol. Ecological quality was determined using the IBMWP index (Alba-Tercedor and Sánchez-Ortega 1988), which has been widely applied in the Iberian Peninsula and provides a value resulting from the sum of values attributed to key macroinvertebrate families according to their tolerance to organic pollution. Besides the inherent simplicity (Rico et al. 1992) , it showed to be efficient in quantifying the organic enrichment. In order to overcome the inherent weakness of the IBMWP system, namely the direct influence of sampling effort, the Average Score per Taxa (ASPT) was calculated (Armitage et al. 1983 ). The Ephemeroptera, Plecoptera, Trichoptera Richness Index (EPT index) was also used (Barbour et al. 1999) . The result obtained with this index is taken as an indicator of ecological quality and allows for between-site comparisons. Low values (few EPT taxa) can indicate degraded water quality, while higher EPT taxa richness values indicate better water quality. Benthic macroinvertebrates diversity was calculated using the Shannon diversity index (H ; Shannon and Weaver 1963) , which is based on the information theory and refers to the specific richness and frequency distribution.
River corridor and fluvial habitat
The Riparian Forest Quality Index (QBR; Munné et al. 1998 ) was one of the indices used to evaluate the conservation state of the studied river, through the classification of the composition and structure of the riparian layer. The sum of the QBR component factors vary between 0 and 100. We also used the Ecological Status River Mediterranean (ECOSTRIMED) index (Prat et al. 2000) to evaluate the quality of the entire fluvial ecosystem (Table 3) . ECOSTRIMED is a rapid water quality index (Rapid Bioassessment Protocol). For Mediterranean rivers, the ecological state is calculated by combining the values of one biological quality index based on macroinvertebrates (e.g., IBMWP) and the QBR.
An adaptation of the River Habitat Survey (RHSm) was used to obtain a detailed characterization of instream habitats and the river corridor (Raven et al. 1998 ). We used a modified Habitat Quality Assessment index (HQAm) and a modified Habitat Modification Score (HMSm). RHS provides a systematic framework for the collection and analysis of data associated with the physical structure of watercourses giving a broad measure of the diversity and "naturalness" of the habitat structure of a given site (Raven et al. 1998). Field data is collected using a standard continuous observation along 500 m length of river channel (called sweep up) and by 10 transects (spot checks) separated by 50 m. In this study, we carried out RHSm over a total segment length of only 50 m comprising five spot checks 10 m apart and sweep up along the total length of the reduced segment. The objective was to achieve a better relationship between the biological data and habitat descriptors since several authors have found a weak association between RHS and biological data mainly attributable to the different spatial scales of each type of analysis, i.e., biological data such as benthic fauna are obtained from sets of micro-habitats while RHS data derives from a larger scale of one or more meso-habitats (Cortes et al. 2008; Davenport et al. 2004; Tickner et al. 2000) .
Scaled values
The values obtained from the WQI, IBMWP, ASPT, EPT, H , QBR, HMSm, and HQAm indices were used together in order to calculate a mean rank for each station. The ranks for each index were scaled in order to maximize the relative nature of the data among stations. HMSm values were ranked inversely to calculate the scaled value, since the values of this index decrease with increasing HQAm. All values, for a particular index, were scaled to a 0-10 range using the following formula:
The mean of the scaled values was used in the ranking procedure to estimate the global state of each sampling station.
As with any ranking procedure, there is certain degree of subjectivity. However, this procedure was used to provide a valid way to integrate several indices providing a global characterization, compare sampling stations and analyze spatial trends.
Data analysis
Chemical and bacteriological analyses were performed in triplicate and duplicate, respectively, and the results averaged. Fecal coliform and heterotrophic bacteria data were log-transformed in order to stabilize the variance. Macroinvertebrates families data were log-transformed [log 10 (x + 1)] in order to reduce the influence of abundant families. Temporal and spatial 2D-map of WQI was obtained with SURFER software, using kriging as the interpolation method. The RHS Database software, version 3.3 was used to calculate HQAm (and its sub-indices) and HMSm indices. Variation on environmental variables between stations and between seasons was assessed using analyses of variance ANOVA ( p < 0.05), using STATISTICA 6.0. The Tukey HSD test was used a posteriori to determine which means were significantly different ( p < 0.05). Environmental variables were examined using principal components analysis (PCA) and nonmetric multidimensional scaling (nMDS) ordination based on the Bray-Curtis similarity measure was performed to find temporal patterns in biological data (Bray and Curtis 1957) . Multivariate analyses were performed with the software package Plymouth Routines Multivariate Ecological Research (PRIMER; Clarke and Warwick 1994) .
Results
Water quality
The lower reaches of the river (station 1) showed higher conductivity, pH, and nutrient values (Tukey MSD Test, p < 0.05) and the lowest oxygen content (Table 4 ). Nitrate concentrations were particularly high average = 316.6 ± 20.2 μM) and values >600 μM were common, especially near the river mouth (Table 4) . Nitrite and ammonium values were also high. The sampling sites (stations 1 to 4) were all highly contaminated by sewage, fecal coliform values ranged from 3,000 to 983,000 cfu 100 ml −1 with no statistical differences between stations (Tukey MSD Test, p > 0.05).
Temperature, dissolved oxygen, BOD 5 , and nitrate showed significant seasonal variability (ANOVA, p < 0.05). The values obtained for the BOD 5 and COD were especially high (7.8 ± 0.7 and 144.8 ± 62.1 mg l −1 , respectively, Table 4), was distinct from remaining stations, in particular during spring and summer, and the same trend occurred for stations 3 and 4 during the fall. The physicochemical and microbiological properties of the latter two stations were similar in the spring and winter period. The correlation of PC1 (eigenvalue 5.43, 33.9% of total explained variation) with environmental parameters expressing water quality (temperature, conductivity, oxygen saturation, pH, turbidity, total suspended solids, COD, BOD 5 , CHLa, FC, nitrate, nitrite, ammonium, and phosphate) showed that the variables more directly associated with contamination (conductivity, FC, and ammonium) were the main responsible for the distribution of the different stations. These parameters strongly separate station 1, which was severely polluted and exhibited a higher concentration of the mentioned parameters. The correlation of PC2 (eigenvalue 3.90, 24.4% of total explained variation) showed that differences in the physicochemical parameters turbidity, total suspended solids, and COD separated samples taken in fall and summer. We believe that the hydrological variation is the key factor for such separation in the diagram.
Physical, chemical, and organic/microbiological parameters were assessed integrally using the WQI (Table 2) . Average WQI values are presented in Table 5 and its spatial distribution on Fig. 3 . Water quality ranged from polluted to (Fig. 3) , resulting into significant temporal variation (ANOVA, p < 0.05).
Sediment characterization
Gravel fractions (>2 mm) dominated at upper and lower sampling stations, while medium and fine sand fractions (0.125 to 0.5 mm) predominated in station 2 samples (Fig. 4) . Organic matter contents averaged 3.4 ± 1.2% throughout the river and values >2% were common (Fig. 5) , but no significant differences were found (ANOVA, p > 0.05). 
Biological assessment
Benthic macroinvertebrate diversity was low throughout the study, with an average of H < 1.57 (Table 6 ). IBMWP scores were in the range of 16-35 (Table 5) , indicating highly contaminated water at all sampling stations. Average ASPT values were also low (Table 6) , varying between 2.38 ± 0.11 (station 2) and 3.05 ± 0.34 (station 3). Values for station 3 indicated higher ecological status than station 4, which is also supported by the EPT index values (Table 6 ). In fact, besides (Table 5) , the ASPT and EPT values were also higher on station 3 (Table 6 ). Average percentages of benthic macroinvertebrate groups (Fig. 6 ) indicate that Annelids and especially Oligochaetes were dominant at downstream sites (83% and 75.7% for station 1 and 2, respectively), whereas arthropods were most frequent at sampling site 3 (40.2%) and mollusks at station 4 (43.3%). nMDS results of the macrobenthic faunal distribution (Fig. 7) indicate that communities sampled in the summer surveys were distinct from winter communities; the low stress value indicated good data interpretation. Assemblages are more similar between sites in summertime, due to the higher impact of disturbance that imposes a general lower diversity and global dominance of the most tolerant benthic species.
River corridor and fluvial habitat
The QBR index indicated a downstream decrease in riparian quality (Table 5) ranging from slightly disturbed (QBR 75-80) to strong alteration/bad quality at station 1 (QBR 40). 
Fig. 7
Ordination of samples in two dimensions using nMDS based on Bray-Curtis similarity matrix of macroinvertebrates families: Ancylidae, Asellidae, Baetidae, Calopterigidae, Ceratopogonidae, Chironomidae, Dugesiidae, Dysticidae, Empididae, Erpobdelidae, Glossiphoniidae, Haliplidae, Helicopsychidae, Hydrobiidae, Hydropsychidae, Leptophlebiidae, Libellulidae, Lumbricidae, Lumbriculidae, Lymnaeidae, Naididae, Philopotamidae, Physidae, Psychodidae, Rhyacophilidae, Simuliidae, Sphaeridae, Tubificidae. The ECOSTRIMED index results ranged from mediocre (stations 3 and 4) to very bad (station 1). River Habitat Survey HMSm values ranged from class 1 (station 4) and class 3 (remaining stations; Table 5 ). Stations located near the river mouth were the most modified (lowest HQAm) while station 4 was considered "semi-natural" state class.
Scaled values
Scaled values were calculated in order to rank sampling stations based on their physicochemical, microbiological, biological, and habitat characteristics (Table 7) . Station 1 had the lowest relative ranking, resulting from the lowest ecological quality, as well as the lowest IBMWP, EPT, QBR, 1/HMSm, and HQAm. Station 2 had the second lowest relative ranking followed by station 3. Station 4 presented the highest relative ranking which is compatible with the highest values of IBMWP, H , QBR and 1/HMSm.
Discussion
Nutrient increase such as phosphorus, nitrate, ammonium in urban watersheds resulting from wastewater and fertilizer runoff (e.g., Jordan et al. 2003; Kronvang et al. 2005 ) is well documented (e.g., Paul and Meyer 2001) . The high nutrient levels obtained in this study not only indicate continuous input into the river, with more dramatic effects on the lower reaches, which receive treated sewage subject to partial nutrient removal from a WWTP, but also diffuse agricultural input resulting from the application of untreated sewage, manure, and artificial fertilizers. These factors contribute to the temporal and spatial patterns that were detected. Highly eutrophic rivers have longer nutrient uptake lengths than the noncontaminated ones of similar size, due to higher loading EPT Ephemeroptera + Plecoptera + Trichoptera taxa richness; QBR Riparian Forest Quality index; 1/HMSm inverse of the Habitat Modification Score modified; HQAm Habitat Quality Assessment modified a All values were scaled to 0-10 using the following formula: Scaled value = (value − minimum) − (maximum− minimum) × 10 b The higher the ranking, the less degraded the station relative to the other stations and reduced removal efficiency (Paul and Meyer 2001) . This is certainly the case of River Febros, since nutrient contents along the river were constantly high together with high bacterial densities, a common phenomenon in watersheds with waste water treatment plants (Paul and Meyer 2001) . Fecal Coliform levels were extremely high, indicating heavy sewage contamination, with average values over 86 times higher than the mandatory values for bathing (2,000 cfu 100 ml −1 , EEC 1976). The results indicate a clear risk to human health as the water was unsuitable for both irrigation and direct contact (Cabral and Marques 2006) . Other factors compromising water quality besides agriculture were point sources of pollution of industrial and urban origin, which overloaded the limited self-depuration capacity of the watercourse.
The highest levels of organic matter were observed at the upstream stations, where riparian quality was also highest (higher percentage of forest, and higher QBR values) and leaf litter represents an important local source of organic matter (Udawatta et al. 2002; Webster et al. 1999) . Levels of organic matter were lower at station 2 possibly related to the lower levels of forest land use compared to the upper stations. High levels of organic matter were found in sediments (average >3%), although, no seasonal pattern was detected. According to Allan et al. (1997) , local conditions (e.g., vegetative cover at a site) determine particulate organic matter input, but landscape features, such as upstream land use, regulate nutrient and sediment delivery. Although few studies have considered the mineralization of organic matter (Harper 1992; Paul and Meyer 2001) , macroinvertebrates have an important role in its decomposition and metabolization, thereby contributing to water depuration.
Ecosystem health has an inverse relationship with human impacts resulting in the presence of few tolerant species in very large numbers (Brown 2005; Newman and Medmenham 1992; Novotny et al. 2005) . We found very low benthic macroinvertebrates diversity (H ) with the minimum value occurring at the station with the highest WQI, despite being polluted. The IBMWP, ASPT, and EPT values were low for all sites, with the lowest values occurring downstream; this was also the case for the total number of taxa within the EPT insect groups (EPT index) used to evaluate community balance. Well represented in the benthic community, these taxa represent improved ecological conditions, which was not the case in our study. Oligochaetes are successful colonizers of eutrophic environments, since they have coetaneous breathing (Azrina et al. 2006 ) and were the dominant macroinvertebrate group near the river mouth, which is in agreement with the lower WQI values. However, station 3 had the greatest percentage of arthropods, mainly chironomids, which also have respiratory adaptations to anaerobic conditions (e.g., anal tubules, haemoglobin; Boué and Chanton 1962; Chinery 1992; Fitter and Manuel 1994; Resh and Rosenberg 1984; Ross et al. 1982) . The most dominant groups were Gastropoda and Bivalvia: their presence can be attributed to the highest percentage of organic matter since they are scrapers. Our results clearly show the predominance of tolerant organisms, reflecting the difficulty of using diversity or biotic indices in disturbed environments, since the taxa is reduced to a few groups. There were no evident similarities between the macroinvertebrate families in the four sampling stations, but marked seasonal patterns were observed, despite of the described chemical trends. This is typical of highly polluted streams, since there is a lack of insects, which exhibit life cycles (e.g., voltinism) more dependent on the temperature (Briers and Gee 2004; Collier and Smith 2000; Jacobsen et al. 1997; Petersen et al. 2004) .
The surrounding landscape strongly influences aquatic ecosystems and the effect of land use on streams (Walsh et al. 2003) has been well studied. Some authors (e.g., Rogers et al. 2002) indicate habitat degradation as the main driver of ecological impairment rather than chemical pollution. Landscape attributes also provide new insights into the anthropogenic influences on aquatic ecosystems, complementing information provided by traditional indicators (Gergel et al. 2002) . Landscape attributes require quantification, arrangement of land cover types, and the physical structure of vegetation on the land surface the shape of patches and their spatial arrangement and connectivity. In this study, both QBR and ECOSTRIMED indices assessed all river corridor habitats as poor although there were slight improvements upstream. Similar trends of QBR were obtained by Munné et al. (2003) . Values of HQAm (RHS) were lower at downstream stations (1 and 2) than at station 3, in agreement with the WQI results. Results indicate that the differences in riparian quality were not reflected on a more clear improvement of the benthic fauna. This could be explained by the considerable longitudinal nutrient input by the different pollution sources exceeding the retention or nutrient absorption capacity efficiency of the riparian vegetation (Allan et al. 1997; Mokaya et al. 2004 ). Urban et al. (2006) pointed out that maintenance and restriction of watershed vegetation corridors in urban landscapes is vital to conserving freshwater biodiversity. Despite seasonal changes in the benthic composition, the chemical and biological quality results were consistently low. The limited capacity of the system to cope with the multiple disturbance factors resulted in permanently reduced diversity and the absence of intolerant species such as stoneflies, caddish flies, mayflies, and shredders. Riparian zones play a multifaceted role in flood mitigation as nutrient buffers, sediment traps, climate regulators and wildlife refuges (e.g., Lyon and Gross 2005) . Thus, their alteration can have far-reaching effects on the structure and function of running water ecosystems (Tabacchi et al. 2000; Winterbourn and Townsend 1991) . The influence of the vegetation on the geomorphology is also of great importance for flow resistance, maintaining bank stability, sediment storage, bed stability, and stream morphology as well as the aquatic system function (Vogt et al. 2004; Webb and Erskine 2003) and conservation of biodiversity (Lazdinis and Angelstam 2005) . The efficacy of riparian galleries in highly enriched streams is always under discussion (Lovell and Sullivan 2006; Lyon and Gross 2005) . Nevertheless, all the classifications used in this study (chemical and biological components and riparian corridors) showed how impaired is the studied river, being the small differences obtained among the different indices related to each own's resolution. Yet, the rehabilitation works must be defined at the watershed scale. At the same time, the assessment of the biotic integrity implies the use of holistic approaches, and emphasizes the need of taking into account all the elements (water, sediment, vegetation, and biota).
Essentially, the integration of the several indices (WQI, IBMWP, H , ASPT, EPT, QBR, HMSm, and HQAm) used in this study, which include the different parameters (physical, chemical, microbiological, biological, and habitat) allows the observation of a decrease in overall quality of the River Febros from the source to the mouth. These results show that is questionable if the improvement of the ecological condition of the river may be achieved only by restoring the physical habitat along the river corridor. In order to improve the ecological status, a global management plan decreasing point and non-point pollution over the entire watershed is required, together with the rehabilitation of the riparian layer and the creation of conditions for settling nutrients and sediments.
Conclusions
The River Febros watershed is submitted to dramatic changes of soil use and vegetation cover over its length, resulting in disrupted connections between the biotic and abiotic elements. This imposes serious constraints for developing an integrated method to describe ecologically such a disturbed system. Scaled values of multiple indices allowed water and sediment quality characterization, as well as classification of the associated riparian zones and assessment of its biological condition. Although no significant statistical correlations between habitat indices and water quality (chemical and biological) were found, instream ecological conditions decreased downstream. Therefore, differences in riparian quality were not reflected in the benthic fauna, as a result of the very high longitudinal nutrient and organic matter inputs (diffuse sources). Data suggested that low ecological quality of this river is a consequence of the saturation of the reduced buffering capacity of the riparian strip against human impacts. The importance of analysing several components of a disturbed ecosystem to ascertain its overall quality was highlighted, providing a case study for numerous streams along the Atlantic Coast of Europe.
